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T, PBriof Sumary of Findings undor Contraot,

Baotoria, amcobio oysts, and staphylocooous phage particlos used
as virus simulants, wore offeotively romoved from distillod wator
susponsiony undor laboratory oconu.:*ions, by aerating those suspensions
for fivo to ton minutos with fine bubblos, aftor addition of § or 10
ng/l of soveral quatornary armonium oompeunds. Tho organisms worc
prosumably oithor killod by the disinfeoting aotion of tho quatornarios,
or romovod in tho foam of air bubdblos ocoming off the susponsions or boths
Tho prooodure soemod to offor promiso as a means for rapid purifioation
of wator with simplo oquipmont in tho fiold., Furthor invostigation
ghowod tha’ tho romoval was advorsoly affoctod by loworing tho tompora-
turo of the wator. It was also advorsoly affcotod by sovoral compononts
presont in natural wctorss thoso identificd in the time awvailoble for
roscaroh woro (a) tho hardnoss ions, O+t and Mghtr (b) trivalont ions
such as A1 and presumably Fo™ (o) organioc color compounds and proe
gwanbly other organio mattor (d) turbidity whon proscnt along with '
footor (a)s Thoe prosonco of other unidontifisd interferoncos is in-
dicatod. The advorasc offcets aro roughly additivo, so that a highly
colorod, hard natural vater at a low temperature might roquire 50 or 100
rg/l of quatcrnary, and aoration for a much longer poriod, to arrive at
n satisfaotory dogroec of purifiocation. Elcotrophorotic oxporimonts
showod that the addition of quatornarios to distilled wnter susponsions
of ooliform organisms produccd a rovorsal in sign of chargo~-fron
ncgative to positivow-in tho organisms, at very low quaternary desagos.
Yhon any ol thec advcrso faoctors wero presont, thisg roversal in sign
roquiroed vory much groater cmounts of quatcrnary. Tho prosumption is
that the adversc faotors intorforo in warious ways with tho sorption
of quctornary by tho organisn, ‘

Sinco tho procoss provod so sonsitivo to conditions and vator
conponents likoly to bo encountercd in tho fiold, it was ocnoludod
that furthor invostigation of tho procoss as a fiold vator-purification
mothod wag wmvmrrantod at prosont. If moans oan bo found for ovorw
coming tho ad7orso offocts oncountorod in matural wators, this ocone
slusion would, of oourso, b altored,

II, Baokground and Purpoge of Rosoarche

This roscarch projoot was initiatod to invostigato tho possibility
of purifying vmter by flotation with quatornary ammonium oompounds and
air, as originally suggostod by Profossor S, H. Hoppor of Indiana
Univoraity. Sinoo tho procoss oonocivably oould bo adaptod to vatoer
purifiontion for military installations in tho fiold, a roscarch pro-
gran wag sponscrod by the Offico of tho Surgoon Gonoral, Dopartnoent of
tho Ariyye Thc parposo of this rosoarch was to invostigato in dotail
tho offootivonoss of tho procuss in ronoving tho wnrious oclassos of
pathozons, namoly baotoria, amoobio oysts, and virusos fron oontaminatod
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wators, If onoouraging rosults wore obtainod tho conmtractors woro to

proocod with tho rosoaroh nocossary to adapt tho proocoes for waso in tho
ficld,

III, Work Cov.w’'" Ir this Roport,

Tho rcsults cbtuined for tho ontire duration of tho ocontraoct fronm
1 Juno 1952 to 31 August 1954, arc prosontod in oondonscd form in this
roport,

IV, Outlino of Exporinontal Mcthods,

Suaponsions of known concontration of tho organisng studiod = coliforn
baotoria, oysts of Entamooba histolytion, and Staphylococous phago = in
distillod, synthotio, and natural vmbors woro placod ir aoration vossols
nodo from Sodgwiok-Raftor Junnols, The dosirod quantitios of quatornary
armeniun ocompounds woro addeds Tho preparations weee then aorated for o
spwoifiod timc and at o spcoifiod ratc, using porous alundun gas disperscers,
Tho foam formcd vas ronovod frcy the top of the vessol, In sortain oxe
pr rinonts, addition of quatornary and asration vas ropcatod a sceond
tiroe The numbors of the spoocifie organisms romaining woro dotornined
by appropriato toohniques: diroot plating, laotoso tubcs or milliporo
filters for t he ooliformsy centrifuging,microscopic count and culburing
in appropriato nodiun for anocbio oysts; and addition to svaphylcscocus
plato sulturos for tho phagoe

Tho list of quatornary arrioniun compounds tricd is givon bolow:

ls Hyonino 1622 , Diisobutyl phonoxy othoxy
othyl dinothyl bonzyl ammonium chlorido

2¢ Zophiran , Allzyl dimothyl benzyl ammeniun
ohlorido

3¢ Bradosol . Alkyl dimethyl bongyl amioniun
chlorido

Le Bwlsort « Ne(coyloolaminoformyl mecthyl)
pyridinium ohlorido

He Arquad T o Diallyyl dincthyl artioniun
ohlorido

6e Coopryn o CSotyl pyridiniwa ciilorido
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Vo Ronoval of Coliform Organisms from Distillod Wator Susponsious,

Sovoral hundrod oxporimonts wozro run on coiifoim susporisions in
diatillgﬁ wators Tho rango of initial coliform mumiors was from
35 x 10° to 80 x 10° organisms por 100 ml of wator; within thias rango,
initial numbors woro éhown to havo no signifioznt cffcot ont ho numbors
reoaining after troatmonts With oaoh oxporiront, a control was run
which roocived tho sanc quatornary dosago but no acration, Tho ocontrol
oan bo oconsidorcd to roprosont diroot kill of tho organisms by tho
quatornary, as distinguishod from paysiocal rcioval in the frothe Ro~
duotion of coliform munbors in thc controls woro substantial, but noarly
alvinys logs than that socourod by acoration with tho quatcrnary and roe
nowval of foam,

Exporimonts woro run at throc tompcraturo rangoss 7=100C, 20.22°C,
and 37°C, A do%tailcd tabulation of thoso cxpcrimonts was givon on
ppe 3-3 of Annual Rovort datcd 31 Mnreh 19 ond further data on
PPe 6=7 of Annual Rovort datcd 1 Apris 49

Tho firdings woro that at 37°C and at 20-22°C, arounts of quatorrary
not oxcocding 5 to 10 mg/1, followod by 5 to 10 minuto aoration, sufficed
to roduco tho initial ooliform numbers citcd above, to levels ol 50
organisng pee 100 n) of wvmbor or lossy « in othor words, to produoo
watcr of suffiolont purity to bo safe for drinlzing if given noninal
ohlorination, aocording to U,S.P.H.S. standards, At 7«10°C tho quatornary
rcquironont was inoroasod to 20 mg/l to producc a water of tho samo
gualitys Arquad T and Ceopryn appcarod to bo tho bost of tho quatornarios
for coliform romovaly this corroclated roughly vith the obsorved ability
of tho quatcriary to produco a stablo foars,

Figuro I illustratos somo of thec data obtained for Arquad T, and
shows tho very oonsidorabdblo tomporaturo cffcots

VI, Renoval of B, histolytica Cysts from Susponsions in Distillod Wator,

Cyst suspcnsions mado up tc oontnin about 30 to L5 oysts ver ml wore
troatod with quatcrnarics and aorated in tho samno nannor as tho coli-
forn susponsions, Sinilar control tosts worc nado. Tho troated samplos
wero noutralizod vith acrosol (10 parts to 1 part of addod quatornnry)
and oontrifugod. Tho ecntrifugato was oounted dirocctiy undor tho
nioroscopo, and alsy inocubatod in medified Clovcland!s uediun to
dotcrmino viability of tho oysts. Boocausc of thc proscnoo of oonsidorablo
nunberg of starch grains in tho oyst susponsion tho tost solution showed
an approcoiablo turbidity. This turbidity vms romoved during tho aoration
prooosse Most of tho oxporircnts wcro at room tomporaturo, 20«23°C;

a fow woro mdo at 7«10°C,
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Tabulations of thoso oxporimonts appear on pagoe L of Anmunl Revord
dated 31 March 53 end page 6 of Quartorly Frogross Roport datcd 31
Dcoonber 52 and swmorizod in Tablo I of this ropors, 1hosc data show
oonploto rumoval of oysts by dosos of 5-10 ng/litcr of tho bottor of the
quotornarios ab touporaturo of 20=-23°C and 7-1C°C,

Othor tosts, partioularly singlc trcatnonts with 5 ng/l of
quatcrnary showod cysts romnining in tho trcatod susponsion, usually
in nunbors ranging from 10 to 100 in ths ontirc 500 ml, Wt oocasionally
as high ~g 20C0 oysts pcr 500 nml. These wero all nogative whon testod
for viability, oxcopt in two coxpurimonts; o positive rcsult wns socurda
fron n sauplo singly trcatod with 5 n/lHyarine at 23°C and a positive
rosult was also obtoined from a samplo singly troatod with 5 ag/l
Zophiran at 7=10°C, Control tosts, using thc quatcrnary arroniun conpoynda
without aoration, ond aoration without quaternary, woro in all cascs
found to contain viablc oysts in large munbors, Cysts wirce roooverod
in largo nunbers from the foanr producod in tho tests, and in nost easos.
thoso oysts worc viablo, shcuwing that mochanieal transfer is importent
in thc rcemovel of oysts from tho wntcr rather than tho killing aotion
of tho quatornary. By oontrast, viadle 6oliform organisms wore novor
rocoverod from tho foan in the coliform oxperinconts,

Fron thoso rosults, it was conoludod that dopondablo romovel of
cysts from distillod watcr susponsions could bo socurod by doublo
troatmont with 5 rg/lof any of tho quatornarios studiod at 20=23°C, axd
with nost of thon at 7«10°C,

VII. Ronmevel of Staphylococcus Fhage from Jistillod Water Susponsionss

Tho work on stanhylococeus nhage wos undortalzen to provile an
irndication of thc probadlc removals of pactiuzenio viruse Provicus
work by Ss Lo Chang has showm that the phazo rosponds to disiufooving
angonts in the sano way os Tholler's viruse Furthcrmors, tho particle
sizo is ecmparablo. A large nunbor of oxporincnts ca tho rermoval of
staphyloococus phage from suspensions in distilled water woro rado.
Quantitics of 20 ng/l of the bost of thc quatcrnnrios usud gave up
to 99,0% ronovel of thc phago at room (20=230C) tenporaturcs fron
susponsions oontaining initially from 15C,300 to 300,000 pnrtiolos
por nle

Expcrincnts were nlce mdo at tcuperctiuros of 7=-12°C and 37°C,
Thoy showod that tho ronoval is cdversoly affcatel by low tomporaturcs and
groatly inprowved at high to.peraturos,

A sorics of cxporitonts worc madc with an anacnie (Nacoonol)
and a runelonio (Twocn 00) dotcrgent, Thioso cxporip.nts chowed tnat
thorc was little or no rcicval of phago in oithor oaso although
oopicus foaning wns obaorvod,
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Tabulations of thoso oxporinonts appsar on pagoe L4 of Annual Roport
dated 31 linrch and page 6 of Ouartorly Progross Ropurt datcd 31
Dcoonber 52 and surtarizod in Tablo I »f this roport. ogo data shw
oonploto removal of oysts by dosos of 510 mg/litcr of tho bottor of the
quatornarios at tcuperatuiv of 20=23°C and 7=10°C,

Othor tosta, partiocularly singlo trcatmonts with 5 ng/l of
quatcrnary showod oysts rcanining in tho trcatod susponsion; usually
in nunbors ranging from 10 to 100 in thc ontirc 500 ml, tut occasionally
as high ~s 2000 cysts pcr 500 nl, Thesc were all ncgative vhon tosted
for viability, oxoopt in two oxperimonts; o positivo icsult wns socoural
fron a snuplo singly trcatod with SJ:L‘/IHyanino at 239C and o positive
rosult was also obtaincd from a sample singly trcatod with § ag/1
Zovhiran at 7-109C, Control tosts, using thc quaternary anroniuwn conmpoynds
without aoration, cnd asration without quatorncry, wore in all coscs
found to contain viadblc oysts in large numbors, Cysts werce roooverod
in large aunbers fren tho foan produced in tho tosts, and in riost onsos.
thuso oysts werc viablo, snowing that mochanioal transfer is inmportant
in the rcmowvel of cysts fronm tho water rotner than tho killing aotion
of tho quatornary. By oontraet, riablc eolifcrm organisms wore novor
rooovorod from tho fuan in the coiiforn cxperimontse

Fron thoso rosults, it was conoludod that dopondabdlo removal of
oysts fron distillod watcr susponsions could bo suourod by doubdlo
troatmont with 5 rg/lof any of the quatorunrios studiod at 20-23°C, anl
with nost of thon at [=10°C,

VII, Ronowval of Staphvlooooocus Fhage from Distilled VWator Susponsionss

Tho work on stanhylococous ohage wns undortalen to provide an
indioation of thc probablc removals of pethozenic viruse Provious
work by S. Le Chang has showm that $he phage rosponds o disinfooting
agents in tho gono way as Tholler's virus, Furtherroro, tho particle
sizo is conperablo. & largo nunbeor of cxperincemtc on tno reroval of
staphyloocccus phage fron suspcnsions n distille” water wroro mado,
Quartitios of 20 ng/l of tho bost of thc quatcrnirics usod g o up
to 99,Ca renovel ol the phago at room (20=230C) tciporaturos fron
susponsions oontaining initially fronm 150,000 tc 300,200 partiolos
per nle

Experincnts wore alse mada at tcapcraturos of 7=12°C and 37°C, :
Thoy showdd that tho roroval is adversoly arffootod Wy low tonporanturos and
groatly inprovod at high tomperaturos,

A sorics of cxperinconts vorc medc witl on anionie (¥rceonol)
and a noneionie (Twoecn 00) doscrgonts Thsic cxporip.nts choiod that
tiiorc was litilo or no rcwoval of phage in oithor oaso although
oopious foaung was odzorvod,
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Table I

Removal of E, Histolytica Cysts from Suspensions in Distilled water

. 20~23% 7-30°
" No. of Complete No, of Complete
s B0, e B ST B S
arquad T 5+5mny/1 b L 1 0
Ceepryn 5n-/i 1 1 1 0

" 10 ng/1 - L 2 - -

" 5+ 5n7/1 3 3 1 1
Zephiran 5+ 5/l 2 2 2 2
Emalsept 10 mg/l ‘ 1 1 - -

" 5+45 /1 3 3 1 1
Hyamine 10 mgy/1 1 1 1 0

Z ‘ 5+5a/1 2 2 1 1
Bradosol 10ng/1 ' 1 1 1 1

" 5+ 5n/1 2 2 1 1

o b+l 5 AN i GRS s
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Tho oonploto rosults havo bocn tabulatod on p. 7 cof Lmnunl Ropord
datod 31 March 1953, and p. 3 of Lnnucl Roport datod 1 April 1951,
Figuro 1I illustratos tho offoct of dosago and tonporaturo on phago
ronoval by Arquad T« Tho vortioal linos roprosont ths rongo of pore
contagos of tho initial numoor of phago partiolos ranmaining altor
aoration.

VIII, Ronoval of Turbidity.

Congidcratlo difficulty wns oncountcred in produoing roproso: “ntive
turbid watcr, Tho first ottonpts urilizod dchydrated olays which “wore
suspoidod in wotore Rosults wore orratic and difforod greatly with tho
ago of tho suspcnsion, It was cvideut that tho chargos on the particlos
worc boing altcred by ion-oxchango proccssos, und that tho susponsions
woro not typloanl of natural turbid vmtorse

Satisfactorily stablo turbid wators were finally nrodacod by
susponding the finoly dividod poriion of bubion sodimcats of o loeal
strcan and o ponds Thoso gavo moro oonsistont rcsults in romoval ox=-
porincnts, and soomod tc bohavo like maturcl turbid waters,

Rosults of oxpcrimcnts on thesc wators oro shovm in Table 1I,
In tho courso of these cxporimonss the pH of the water was adjucted over
a fairly wido rangce It is oorvaratively casy to reducc an initical
turbidi%y of 75-100 units to lcss than 5 units with 2 singls 10 ng/l
dosc of quatcinary, acratod for 1¢ vinutcss Tho pd waluc has little
or no cffcet on romovals

Qualitatively, tho initial foonm produscd in tho sanples appoarcd
clcar; tho bulk of the turbidity appoarcd to comc over in tho middlo
portions of tho foane Thorc mny bo a dolay in tho rcaction betwoon
tho turbidity and the quatornary.

Furthor tosts worc run om scveral maturally turbid wators and
rcrniovels of turbidity woro found te o~ satisfoutery for practiocal
wotor troatmont, U.SeP.H.S. standards worc nct with dosas of 10 mg/i
guatornary acrated for 10 ninutose

Tho data of thoso tostsaro giv:n in Tablo III,

IX. Ponoval of Color,

Soveral colorod watsrs were troatod by flotation to obscrvo ity
2fficioncy in rcmoving coler, Rusults ol tho oxperincnts appoar in
Tablo III in oonjunotion with tho other data, and aro brought togothor
in Tatio IV,
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TABLE 17

Removal of Turbidity from Distilled Wator
Sugpengions of Bottom mud by Arquad T.

susponsion® Dosc of Acration Initinl Initial Final Finol

Qurbor-  Tirs pll Turbidi- Tur- PE

nory ty bidity
A 10:/1 104:dn. 7.08 100 <5 7.02
" v " 65,87 100 <5 6.35
W ] U 3,75 10C <5 L. 12
" n " ",.3? 100 < & 8. 25
" " " 207 180 {5 3.89
" 5 " 7.03 100 10-15  7.05
" " t 2,27 100 1015 5,07
L t " 8,%¢ 100 10-15  3.31
. " 20 2,00 100 10-15  7.04
B 10 10 6. 79 7% <5 - 4.82
W " " L.85 ik <5 1,93
" " " 3.48 7% <5 £.28

* Suspension A wig & cotton filtercd, &l hr.

diztilled wteor

suspcnsion of 2 bottom mud Ssken from o brock.
Suspcnsion B was a 24 hr, distilled wutoer susp.nsivr of a
bottom mud taken frea a pond in & gravel pit,
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Table III

Water from Brook in lexington, Massachusetts
No addibiomal ooliform organisms added,
Quaternary used in flotation, Arquad T,

Dose {mg/1) 10 10 10 15 20
Time of Aeration (min) & ' 5 10 5 5
- Temperature (°C) 16 13 15 17 15
pH* 6;00 6. 80 6. 8 6. 2 60 7
Alkalinity* (mg/1) 2 2l 2l 16 2l
Hardness*  (mg/1) 165 10 L0 165 &6
Gonduotivity* mho/om .87:::10"3 o 7x10™3 o 7x10=3 o87x10"3 25x1¢*Y
Turbidity  Initial 510 units 15 15 5-10 20
Final 5 " <5 <5 <5 <5
Color Initial 10 ¢ 30 0 10 120
Final <5 " 5 <35 <5 5
Total Baoteria Initial 25/m) 1800/ml  1800/ml 350/ml  20000/ml
| Final  20/ml 30/ml 10/ml 22/ml Lo/m1
Coliform Initial 3500/100 ml 7000/100ml 7 000,100 ml 5L00/169 ml 92000/400ml
Final 110/100 m1 220/100ml ' §,1/100m1 33/100ml " 1),0/100m1

* No ohange during aeration,

(oontinued on next page)
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Table III

Water from Brook in Lexington, Messachusvtts
No additional ooliform organisms addcd,
Quaternary used in flotation, Arquad T,

Dose 20 ¢
Time of Aeration 5 10
Temperature 15 17
pH* 6.8 6.8
Alkalinity* ely 2l
Hardness™ L0 0
Condustivity™ 7x10%3 o 7x10™
Turbidity Initial 15 15
Final <5 <5
Color Initial 30 30
Final <5 <5
Total Baoteria Initial 1800/ml 1800/ml
Final 6/ml 1/ml

7000/100 m1  7000/100 ml
170/100 ml  12/100 ml

Coliform Initial
Final

»
No change during aeration,

0 4+ 10 10 + 10

5 min sash 5 min each

16 17
6400 620
10 15
165 165
$37x1070  ,89x10™7
510 5=10
<5 <5
10 5
<5 <5
el

30

5

15
67

C 2L

66
,25x10%7

20
<5
120
<%

20000/m1
&/ml

3500/100 ml 5400/100 ml S2000/100

0.
33/100 m)  L9/100 ml  L60/100
m

i




Table III

Vator from Brook in lLexington, Kassuohusotts
No additional coliform organisms added,
Quatornary usod in flotation, Coepryn.

Doso 10+10 20 20 15415 30 30
Timo of Joration 5 nin 5 10 5 min 5 10
) cach eash
Tanporaturo™ 179 159¢ 179¢ 17% 15% 17°¢
pu* 6.6 6.7 6.6 6.6 6.7 6.6
Aakalini ty* 2L 2L 2L 2L 2L 2L
Hardnoss* ' %9 66 90 90 66 )
Conduotivi ty* 3x1070 ,25x1073 ,3x107F L3x1077 .25x1073 .3x1073
Turbidity Initial 10 20 1c 10 20 10
Final <5 5 <5 25 <5 <9
Color 1Initial - 60 12C. 50 50 120 50
Finnl 5 Lo <5 ¢5 5 25

Total Baotoria Initial 2000A1 20,000/l 200041 200041  20,000/ml 2000/nl

Final  160/ml 150/-1  70/m1 &/l L/ml L/l

Goliforn Initisl 2l,000/ 92,000/ 2L,000/ 24,000/ 92,000/ 24,000/
: 100nl 100wl  100ml  10Cml  100ml 100 ml
Final 700/ 6,800/ 680/ 70/ 33/ 7.8/

100 rl 100 ml 100 ml 100 100 ml 100 ml

* No ohangy during aoration,
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Table ITI

Tater from Brook in Loxington, Massachusetta
Coliform organisms added to raw water.
Quaternary used in flotation, Arquad T,

Dose 10
Time of Acratior 5
Tenporature® 150¢
pi* 6.8
Alkalinity* 2l
tinrdness * 1,0
Conductivity * 69x10~ 2
Turbidity Initial 10
Final 5
, Color Initial Lo
Firal 5
Total Bactoria Iaitial  400,000/ml
Final Li1,000/m1
Coliferm  Initial 600,000/21
Final >1.6x10°%/
160 ml

s+ No ohange during aeration.

20 30 15 4 15
5 5 5 min each
150¢ 17% 17°¢
6.8 6.8 6.8
2L oh 2L,
150 154 5k
69x10" .86x1075  .86x1072
10 10 © 10
<5 75 <5
30 20 20
<5 <5 <9
600,000/ml  320,000/ml  3%20,000/ml
2C,000/ml  140,000/ml ~e-e--

600,000/ml  320,000/ml  320,000/ml

1.6x10°/100, 920,000/ 240,000/
Tl 100 ml 100 ma




Doso

Tine of Aeration
Tenporature®
pE *

Alkalinity ™
Hardness *

Conductivity*

Turbidity Initial
Final

Color Initial
Final

Total Baoteria

Coliform Imitiul
Final

Final

.

I

Table IIT

T il W

water taken from the Charles River, Cambridge,

Magsachusotts

No ocoliforn organiems addod to rew water.

Quaternary used in flotation, Arquad T.

10
5
17
7.4
6L
L70

035110-3

5-10
<5

35
5

Initial LOOO/ml
© 70/ml

5L00/100C ml
2L,00/10C ml

#* No change during aeration.

10

5
18
8.1
i
680
oLx10~3

5w10
<5

25
g

4

900/ml
60/m1

10

Lo
a57110"3

510
5

35
2

67000/ml
5000/m1

3100/100 m1  32000/100 ml

2650/.00 ml

10000/10C ml

(Continued on following pago)

10
10
18

8.1

3100/120 ml
210/100 mi

< ey
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Table IiI

Water taken from the Charles River, Cambridge,

Massaohusetts

No coliform organisms added to raw water.
Quatornary used in flotation, Arquad T.

Doge 5+5 15 20 ' 20
Tino of Aoration S min oach 10 5 &
Tonperaturs ¥ 15 17 18 17
pH¥ 7.0 7.7 7.4 7.9
Alkalinity ¥ 8o éL 80 56
Eardnoss*™ 495 630 121 260
Conduotivity™ 037x10"3 «Slx10=3 6Lx10~3 2x10=3
Turbidity Initial 5-10 5-10 15 25
Final <5 <5 5 5
Color Initial 35 35 35 35
Final 5 <5 5 5
Total Baoteria Initial 67000/ml  2020/ml 14,000/m1 20N00/nl
firal 5000/l 70/ml 120/m) "200/nl

roliform 1Initial

Final

33000/10C 5L00/10C ml  L300/100 1200/100 ml
11000/100  "7CC/100 nl 10/100 100/100 ml

* No ohango duriag aneration,

\Continued on following page)
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Taele TII

Water taken from the Charles River, Cambdridgo,
Massachusotts

No ccliforn organisms added to raw wotoer,
Quaternary used in flotation, Arquad T,

Dogae . 10 410 10410 1C+ 10 10 +10
Time of Aeration 5 min each 5 min each 5 min each 5 min each
Temporature™ 17 17°¢ 170¢ 18e¢
p” 7ok 7.8 7.9 7.4
Alkalinity™® c 56 56 80
liardnoss ¥ L76 660 260 121
Conduotivi ty* .35x1070  ,58x1077 .2x1077 J6Lx10"3
Turbidity Initial 5-10 5=10 25 15
Final <5 < 5 5 5
Color Initial 25 35 35 35
Finul <5 5 5 5
Total Bactoria Initial  LOOO/nl 805/rl 20000 "l 1U;200/4)
Firal 8/ml 10/nl 189/m2 ‘ 85/
Coliform Inisinl 5LOC/150 ml 3520/10C ml 1200/10C = L300/100 =l

Final

"360/1.0 1l

# No ohange during acraticn,

350/10C =1

" L6/100 rl

(Centinuod on following pazv)

e~
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Dose

Timo of Aeration
Tomporature'
Fli®

Alkalinity®
Hardness®

Conduotivity®

Turbidity Initial

Final

Color Initial
finnl

Total Baotoria

Coliform Initiul

Final

Initial
Finanl

~154)
" Table ‘117

R T T e L LTI QR LR TR

Water takon from the Charles River, Cambridge,

Mnssaoshusette

No ooliform organiems added to raw wmter,
Quaternary used in flotation, Arquad 7.

10410 15 + 15
10 rin each 5 min each
17% 17°¢
T8~ 7.7
56 6
660 620
«56x10~3 o5lx10~3
5=10 5-10
<5 . <5
35 35

> <5
e/

3500/100 ml 5400/10C ml
130/1% nl  1600/1C0 nl

¢ No ohange during asrntion.

15+ 15

5 min eaoch
17°

7.9

56

260
.2x10°2

25
<9

35
¢

20000/m1
8/ml

1200/100 m1
25/100 nl

(Continuad on follcwing pago)

% T R ARG

154 15

5 rin eaoh
18%

Tk

80

121
«6lx1073

35
%

35
5

14000/ml
7 85/m1

L36C/100 ml
© 15/10C ml
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Tavle JII
Water taken from the Charles Rivor, Cambridge,
Massachusetts

No coliform organisms added to raw water.
Quaternary used in flotation, Arquad 7T,

Dosn 30 30
Time of Aeration 5 5
‘fompers ture* 18°¢ 17°2
*
PH Tkt 749
Alkelinity® 80 56
Hardness®* 121 269
Conduotivity” Mlxi0™ L2x1070
Turbidity Initial 15 25
Final <5 <5
Color 1Iritial 25 35
‘mal Z5 <5
Total Bacteriu Imitial  14000/ml 20000/nl
Final 10/ml 7/ml
Coliform Initial 14300/100 nl  1200/100 nl
Firal T70/100 m1  12/100 ml

¢+ No ohange during aeration,




Table III

7iater taxen from Hobbs Brook Reservolr, Lincoln, Massachusetis
Tith and without added soliform organic:s,
Both Ceepryn and Arquad T. used in flotation

Quaternery
Dose
Timo of Aoration

*o

Teomperature “C

*
pH
Alkalinity™
Hardness‘

Conductivity‘

Turbidity 1Initial
Final

Initial
Final

Color

foliforn added

Total Baotcria Initial
Final

Coliform 1Initial
Final

* No ohango during

Ceepryn Coopryn Ceopryn

10 10 20
5 10 5
e 1cc 150¢
7400 7;00 7.00
16 16 16
Lk L Lk
.12110“1* .12x10-b .‘2110"1“
5 P, 5
<5 <5 <5
50 50 50
15 15 5
0 0 0
140/ml 14C/ml  140/md
15/ml  5/nml W
33/100 33/100  33/100
< 1,6/100 11/100 /100

aeration,

Ceepryn Arquad T Arqued T

20 20 10 + 10
5 5 5 min each
17°¢ 17° 17°%
7.00" 7,00 7:00
16 16 . 16
Wy Ly Ly

Joxioh 1exioml Liexio-b

5 5 5

<5 <5 <5

50 50 50

<95 9 < 5

67x106100 67::10‘?/100 67:(106/100

67x106/100 671106/150 67x106/1-3o

........... - o

6 Acc 67x10 6/100
350/100  790/100

67x106/100 e
75/100




ganmple*
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Quater=
nary

Ceepryn
Ceepryn

Ceepryn
Arquad T

Arquad T
Arquad T
Hyamine
Hyamine
Ceepryn
Ceepryn
Lrquad T
Arquad T
Ceepryn
Ceapryn
Ceepryn
Arquad T
Arquad T

Sample & Charles River, Cambridge, Massachusetts

w2le

Table IV

Removal of Color from Water hy Flotation

Dose of

Quator- Aeration Initial

nary
5 mgA
10
10
5
10
10 _
10
10

2
10

5
10

P
10
10
10
10

tino pH
5min 7,00
5 7400
10 7.00
5 7.00
5 7600
10 7. 00
5 700
10 7.00
5 6450
5 6oC .
5 6, 80
5 6,80
p) 5655
5 5655
10 5.55
5 555
10 555

Final
pH

7,02
7.01
690
7.10
7405
Te05
6.95
6095
6.90

6495
7,00

700
6,10
6,10
6.15
6620
6.15

B Conoord River, Conoord, Massaohusetts
C From swamp ir lexinghon, Massaohusetts

Initial Final
Color Color
55 30
55 15
5 < 5
55 35
55 z0
5 L5
95 Lo
£5 25
50 10
50 K5
50 15
50 < 5
Lo 25
40 15
o <5
Le 20
Lo <5
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Ronowvals -of oolor woro found to bo satisfaotory ns in tho oaso of
turbidity and U.S.P.H,S. stondards were nmot with o ocorrcsponling doso
cxcopt in ono o0ago whero a vory high frosh color, following a sovero
rain storn, roquirod largo arounts of quatoraary for sabtisfaotory ro-
novnle

4n initial color of 50-60 units was rcduccd to loss than 5 unita
with o doso of 10 mg/1l of quatcrnary no.atod for 10 minutos. Again,
a8 ir tho oasc ci turbidity, pH wvoluo has littlo or no offoot on ro=-
noval,

X, Tastc Studioa.

Tap wator solutions of thc wvarious quatcrnarios wore rado up
end tostod for tasto by a nunber of obscrvorss It is ovidont that
thore nocd bo no dircot tastvo problen fron the amounts of quatcrnary
rcnaining after acration providod that zoration continuos long cnough
to rcoovae the bulk of tio guatcraary addods In no casc could obe
gorvors dctoot any tasto in wmtor ocntrining Srm/i or loss of
quatornary. Ono out of ton obsorvors could dotoet a noticoablo tasto
at IOzngﬁuwhilo all obscrvors ocould dotoot a distinot bittor aftore
tasto at 15 ng/le

XI. Romovals of Organisns from Natural Woebors,

Reprosontativo natural waters wore oollcotod from o polluted
rivor (Charles Rivor at Cambridgo), a oloan, soft colored brook
(Lexington, Massachusotts), and o water supply collcchion resorvoir
(Hobbs Brock Roscrvoir, sourco of Combridge, lhssachusotts raw water).
Removals of the natural contont of bacteria and coliferm organisns,
ond of addod ooliforns worc studiods. Iomovals of ooliforns and 37°¢
bactcric from thoso  natural wators wero vor, disappointing when
oonparod to thc provious distillod vmbtor oxperimonts,s In no cago wore
ooliforn numbors brought down to tho UsS.P.H.S. standard of loss than
1¢8 pecr 100 nl oxcopt in tho Hobbs Broolk Iescrvoir water, tho initial
coliforn count of which wns only 33 por 100 nl. Dosos ns high as
30 ng/l of quatcrnary failod to rcduco sonparatively smnll nuiucrs of
ooliforns oven to tho 50 per 100 nl spooificd by tho UsSePoHoS. for
viator to bo troatod by ohlorination onlye.

vhen ooliferns woro added to theso natural vators to bring tho
initial counts up to thogo us. . in tho disgtilled wator susponsions,
rosults voro vory ungatisfaotorys, Tho data of thoso oxporironts sppoar
in Tablo III,

In tho oourso of tho worlk on natural wators, it was found noocossary
to adopt tho nilliporo filtor ncthod oxolusivoly, for tho cnuroration
of oolifornse laConkcy's agar failod booauso of intorfcrenco by tho
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quatornary, and laouoso tubc MPN ncthods booanic cxadossivoly loborious
booauso of tho wido ronge of rosidual nunbors possiblos Tho rosidual
quatornary vms noutralizoed with 500 ng/l of sodium lauryl sulfato
prior to filtration through tho milliporo filtor. Tho rillipoero filter
was not adopted until tho rcsults had boen ohookod against lactoso
broth tubc rosults and found to givo rocsonablo oonformanco,

XI1I, Studios on Effoot of Wator Conposition.

It was ovidont fron tho rosults on natural watcrs that othor fasvors
bcgldes low tompernturo havo an adverse offoot cn tho proocsse The proe
gcnoo of ealoiun and magnosiun salts (hardnoss) was indicctod as onc of
thc intorforing factoras,

As o quick oconfirmntion of this indication, tests were run on twro
top watoras Canbridgo, Massaohusctts, hoving a pH of 8.3~3,6, hardnoss
90-115 myl and Boston Motropoliten, pH 7.1, hardnoss 19-22 mg/l. In
general, tho coliforns roanining in tho soft Motropolitan water woro
fron 100 to 1000=fold fowor than thosc romrining in the Canbridgo wotar
atrtor irooculation with tho samo number of coliforis, cnd troatnent with
tho sanc anount of quatornary at the saio tomporaturc, Howcvor, ab
tonporaturcs of 26=26°C the rcinining organisms in both watcrs wvorc
too fow to nmaintain this rolationship, Tho data of thoso tosts arc
givon in Tablo V,

As a further choolk on this conclugion, studics worc madec on distilled
wator to whioch various ealoiun cnd ragnosiun salts woro added, and also
on digtilled vntcr containing sodiun bicarbonntos Sodiwa biearbonato
in anmounts up to 50° ng/l o8 CnCO§ had no significant offcct on tho ro-
noval of ooliforms from vator suspongionse Caloiun and magnesiun salts,
on the cthor hand, wor: shown to have very ndverso cffcots on occliforn
1cniovals, as conparod to thoso obtainod in distillod vato. susponsions,
For cquiwalont ocnoontrations in tcrms of caleiwn onrbonato, thc advorsc
offootu worc of tho sano ordor of mgnitudc whothor tho added salt
was Ca(HCOB)e, CaCly, or HgCOz, Apparcntly only the positive ion is

gignificant, and Mg** is oquivilent in offcot teo Ca*, Subsoquont
toste ghowed that polywvnlont anions, such as 80),F and PO)®, addod in
forn of godiun salts, had no offcots on rimovals, cither adversc or
favorcblo, Additions of 360 to 500 ng/l of caloiun salts as CaCO3
regultod in final troatcd wators oontaining 50,000 to 7,000,000
eoliforns por 100 nl, as oociparod with O to 3000 in distillod watere
Tho initial ocoliforn oontont in tnhcsc tosts was 50 million per 100 :l,
and the tonporaturos worc 9°C and 259C, Tho aighor coliforn rosiducla
woro obtainod at tho lowor Bonpcraturos.
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' Table V

Tap waters taken frum the municipal water
supplies of Cambridgs, Massachusetts and
Boston, Massaohugsetts with added coliform :
organiams.® Bogtou tap water with a pH

of 7.1 and hardness of 19=22 ng/1, Cambridge
tap wator with a pH of 8,3e=8,6 gnd hardness

of 90=115 mg/1,
Time of Organisms Remairing per/100ml

Quatornary Dosge deration Temperature Cambridge Beston '
Cespryn  20mg/l 5 min 1 15x104 S

" " " 15 ——————— 140
Arquad T " " 15 1x106 1x103

" " " 16. 5 - 180

" n " 10 5¢7x103 ——————
Csepryn " " 21 18 —————

" n " 25 22 o = rocn

" . ” L 26 e h
Arquad T " " 21 Ls -

" " " 23 1,7¢9 210

n " 1 25 30 o

»
Initial oconoentration of ¢oliform organisms 50 x 10‘6/100 ml
Yo 70 x 10°/100 ml,
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4 soriog of tosts was run to dotcrnino qumtitativoly tho offocts
of tonporaturo and CaCl,e Vorying anounts of CaCl, worc added to
distilled wntor and tosfs worc run at two tonperaturo ranges 19-26°C
and 99C, Tho rosults of thoso tosts aro roportod in Tablo III, p. 10
of Annual Roport dotod 1 April 195L, Thoy aro prosontod graphically
in Figurcs III and IVe Tho data arc roportod and plottod by mcans of
tho nodian valuo and rango of thc similar tosts rune In oonjurotion
vith all oxperinonts, & oontrol was run, which rocoived tho sano doso
of quatcrnary, but no aorations Thogo data aro rcportod in Tadle IV
of tho sarw rcport, and plottod in torms of the nodian valuc of sinilar
oxporinents on Figuros I1I and IV as a dottcd linoy

Thoso cxpcrinonts show that both touperature and CaCl, oontont
havo vory largo advorso offootse At 19=26°C theru is o 1C=fold dooroaso
in romowval when there is an incroaso of 10C mg/l of CaCl , At GOC
thoro is n 100-fold dooroaso in romoval per 100myl incfoaso of CaCl e

Tho sirilarity of tho aoratod and contact modinn lincs at GOC
(Figaro IV) and tho dissimilarity of the acratod and contact median
linos at 19=26°C (Figuro III) also suggest that tho greatest offcot
of lowored tenporaturo is to interfero with tho physical romoval of
tho baotcria by flotations This is rwuch nore affocted oy torperaturo
than 18 the rato of killing by tho quatcrnary,

In the licht of tho above oxporinonts, tcsts woro run to dotornino
tho anounts of quaternary rcquirod to roducc the ccliforn nunbors in
CaCl, solutions to lovols suitablo for potablc vators Thoso datn arc
ropo?tcd in Tablo V, pe 15 of tho roported citod abovoe Figuros V
and VI show thc datas-

The worl with distillod wator shcwed that 10 mg/l of Arquad T at
20-22°C and 20 ng/l at 7-10°C was sufficiont tc rcduco E. Ccli in
distillod wator suspcnsions to 1,8 organisns cr loss por 100 nl,
Extrapolation in Figuros V and VI would indisate that undor tho samo
oxporinental conditions 30C nz/1l of CaCl_ raiscs tho quatornary roe
quircaont to 4O ng/1 at 2L9C and 70 ng/1%4 99C¢ and 500 rg/l of CaCl,
rcisos tho quatornary roquircient to 60 ng/l at 24°C and 10 ng/l
ot 90Co

Sinco thc nntural woters tested weoro rorc difficult Lo trent
than wouid bo prodictod by hardnoss nlono, (sos Figuros III and IV)
a sorios of tosts was nmado to determine the elfcot of curbdbidity in
tho prcscnoo of Catt, Using bottou rwud suapensions preparod in tho
sanio way as tiho sanplos usod to study . .rbidity rcrovnl (Soction VIIT)
sanplog worc nrdo up centaining various oonccentrations of turdbluity
in both purc distillod wator and distilled watcr containing 500 ng/l
CaCl.e Tho rosults, glvon in Tablc VI of tho Juirual Rovort datc.
1 Aggil 1225 and shovm in part on Figuro VII indiecato that wiilo
urbldity has no cffoot on tho offiocionoy of rcroval in sanmplos
oontaining no CaCl,, tho oonmbinction of CaCl, and turbidity has o
groator adversgo of?oot on tho offieicnoy of rcuoval than CaCl, alonce
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Tho oloctrophorctis studios doseribod in o lator soctica of this roport
indioato that oclor would also show an addivivo advorse offcet, liko
thot shovn by turbdidity,

In tho light of tho advorso offoot on romovals producod oy tho
divalont positivo ions Catt and Mg""', an invostigation was mado of tho
offoot of o trivaloxt ionm, A1tH s Whioch may occur in natural watcrse
Tho advorso coffoot of this ion s found to bo very largo. It was
found that 0,1 ng/l of A.a."'H' (cs CaCO )} had about tho scno edversc
offost as 500 ng/l of G+ {ns CaCB,)¢ No morc than 90% of the 50 x 10%
coliforns initially ﬂrosort in 100 1Al of a solution centaining as
14ttlo 08 05 ng/l of AIHY (o Co.CC3) gsould bo rcoovad, c¢von with aa
ruch 08 50 ng/l of Arguad Te

Tho data of tho Al*H cxporinonts appoar in Tablo VI, which shovi
the rodian wvalues and rongos of rosulbg at various AlFH oonocn‘arat OT8e
Rosults of ooncuntrations fronm O to 1 ng/l arc showm in Figuro VIII,

Th. -bsorvoed difforoncos at ocnoontrations wbovo this aro net too
significa.  but the adversc offcet unoxpoetnadly booomos somuwhat
smollor at very largo ooncontrations of Alvth,

Tho prosunption is that other trivalont posiuivo ions, = for oxanplo,
Fortt = __zht huvo sinilar offcctse

It shculd bo notod that in tho oxperincmis on AlYTF the acration
rato wog roduced to 0,72 liters por litor po. nimubo, and tho tino
inoransod to 10 ninutos, to try te scouro tho bonorits of incroasod
offloicnoy notod in tho noxt soollon,
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Tablo VI

Tho Effoct of 417 on tho Roroval of E. Coli fron Distilloed
Wiator Susponsions by Flotation

Initial ocnoontration of coliforn organisns 50 x 10@/100 nl,
Torporaturo 7°C 50 ng/1 Arquad 1.
horatioa Rato «72.1/1/nin for 10 ninutos

n.’l 2101 as Organisng por 100 ml loft aftor aoration

CaCOy oghivalony Modian Rengo

300 25,000 246,000 =~ 250,000
200 1,500,000 510,000 - 1,0C0,000
150 1,250,000 940,000 ~ 1,730,000
100 1,300,200 1,020,000 = 1,5C0,000
50 3,000,000 ©. 0,000 =~ &,000,000
Lo 6,000,000 6,000,000 = ©,200,000
30 7,000,000 5,070,000 =10,000,000
20 6,500,000 6,000,000 -10,000,000
10 460,000 Loo,0c0

5 9,700,000 9,700,000

L 10,000,000 4,000,000 -1C,000,000

2 11,000,000 10,000,000 =11,000,G00

2 35,500,000 3,500,000

1 L ,000,000 2,500,00C = 9,000,000
045 7,500,000 2,006,020 =12,850,000
O Li 7,000G,0C0 1,702,000 - 9,250,0C0
0.3 L,5¢c0,0c0 150,000 = 9,0600,00C
0s2 10,000 1o =10,000
Oul 10,000 10 -10,000

« 0 69 Lo - 00

e 05 16 2= L0

04 2 0=~3

e 30 18 - Lo

oCa s 21 - 46

0 c 0=
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XIIZ, Air Rates an? Alr Quantitios.

Fnllowing tho practica of - spor, ct al (JAWA 4L, 719.(1952,, an
aoration roto of ono 1litor of air per 1I%er of susponsion por ninuto
was used for ncoat oxporinontss Tho poricd of acrution at this rato
wng 5 or 10 ninutos. This roto was satisfactory as to foaning charnce
teristios and poroont of water lost in tho foan as long as quatornary
dosagos roxninod in tho 5 to 10 ng/i rongc. About 1% of the wmter in
tho susponsion wont ovor in tho foam, for cach ng/l of quuternary
addod, ot tho ono litor/litor/minuio rato,

Vthon ©ho advorsc faoctors of natural wat:ra roquirod advoneces in
quatornary dosago to 30, LO, or 50 ng/l, waker losscs booarn very
largoe It was found that reduoticn in coration ratos to 0,72 or 0.54
litor por litor por ninuto, and oxtonsions of aoration timos to 15
or 20 ;unutos producod very smnll water lossosy and rmel - . Gor
cffioloncos of baotaricl rcrmoval in distillod wntor suspousions containe
ing largo cnounts of Catt, This data appoarod on pe 20 of tho Arnual
Roport dataod 1 April i95L, -

Howovor, this hopoful lcad was nogated by subsoquont obsorvations:

(1) No such groat inmprovoncnts in officicney woro obsorved in the
oxporinonta on v.tors containing A1+,

(2) In many notural watcrs, the low acration ratos failed to
produco any foan at all, and thcreforc no rcmoval of organisiis, unloss
the quatornary doso ims at loast 30 ng/ls

(3) ¥uch groater quantitios of air wero required at tho low ratcs,
to roduoc the rosidual quutormary in tho trootod watcr to desiratlo
lovels, as conparod with tho guantitios rcquired at ono liter of air
per livor poer nminmuto, If tho volune of air roquircd ot ono liter
por litor por ninuto wos x, that rcquired ot 0,72 litor por liter
per ainuto was approxirntoly 2x, and ot 0,54 liter, 3x. The rosidual
quatcrnary was ostimntod by cbsorving tho foaning choractoristios,

XIV, Studios on Elcotrophorotic idgraticn of Baot ria,

Inv: stigaticon of the nigration of coliforn org.nisns in an clectric
fiolid, both boforo amd aftor treatnont with gquaternary, waa undortalion
in tho ncpo that suoh stulios would rive sone indieation of ths ncturo
of the intorforonoos by polywalont eations, oc.ur, and other conpononts
of matural watorse, The cquipnont usod wasg o Northrup-xunits clcotroe
phorosis apparatus; the indivicdual celifori orznnisnis wore obsorvad
v ooorn oordinary rilorescopo using tho L nmoobjoctivie o bottory and
posontionct . Provildod o constant potontinl gradicnt o1 0.035 volls
por nillinoteor, The obsorvations, talen at the proper depth wo oo
duoo olociro-osinotie flow to n udnivun, oonsistod of raonsuring tho
tinc for tic orgenizng to nove 0.5 tdlliirmotors alcong an ccular ricroe
1ctore Tho rociproeal of this tirw 1a cho veloodty of the organisrn,
which 1s proportional to its zota potontial, if othor oonditions uro
raintaincd agproxiratoly the sano,
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Theso obsorvations arc prosontod graphically in Figuros IX, X%,
XI, XII, and XIII, In Gistillod wator, prior to tho addition of
quatornary, E. Coli showod a rclativoly high negntive chargo, a
obsorvod by other worlors. Progrossivoly incroasing dosos of quatorna
roducod this nogativo chargo; tho charge beoano zoro, and subsogquontly
positivo, as tho dosos woro furthor incroasod, Sinec noasuroncnts
of this typo arc only approxirmatc, bocauso of interforonco by oloctro=
osuotlo ourronts, smooth ourvos of volocity cgainst quatornary doso
aro not obtaincd, but tho rosults arc sufficiontly procigo to ose
tablish tronds,

E, Coli in distilled watcr roquiros but littlc quaternary to
altor its chargo; thc ohargo booorios zoro whon about 3 ng/l of
quaternary is addod, and risos to o high positivo valuc at quatcrnary
doscs of 0 %o 10 ng/l. (Tho torm "hirh" is usod only rolativo to tho
initial nogativo oharge.) Evidontly fairly largo anownts of
quatornary cro plokod up rapidly, possibly oy sono typo of adsorption
or fon oxchango nochauisi,

In gonoral, tho offeot of the compenonts proviously found to
interforo with ronoval of organisms bty flotution is to greatly ine
oroaso tho dosafo roguired to produoc a givonr change in chargo,
and to groatly docreoaso tho positive valuos of choarge attained ot
tho high dosngose This is rmado very ovident by oconparing tho distillod
wator ourvos and tho othor ourves in Figurcs IH, X, XI, XiI, and XIII,

In tho prosonco of 100 ng/l or mero of Cat¥, < as apnoars in
Figuro IX = about L to 6 nz/l of quatornary is rvculrcd to bring tho
bactcrial charge to zoro, and 30 ng/l to incrcaso it to the positivo
valuo roachod in tho distillod wator suspensions at 10 ";/1 of
quaternary. Fimuro X shovis that very snall quantitios of AlTH havo
largo offcotss In tho prosonce of 0,86 “c/i of 417 (as CaloO,),

6 nz/l of quaternary arc accdod to zivo zeoro bacterial ohﬂ*~o, ard
18 ng/i of quatornary givcs vho sono positive cL*:;c as & ng’/l in

distillod wator, This oconfirms the provi us obscriwmtion i :t 0.1 ng/l
cf Al+H har as groat an adverso offaot os 500 r=/1 of Ca™ on rcuovel

of ooliforn orgrnisns by flotataons (Scotion XIX)

Color, oither nctural or added, “as sirdlar cffcess; wrosurnbly
othor orzanio corponents would do thu 5.00e  Yimure XI sh o, that
hanpons viwon o 51"n1~ it oof ratural color, - stnls o e 1o 00T W0

istiIAUH wator, and to o filtored tap widor (Canbridjc, inasachusotts).
In olthor oaso, tho quatconary requircent for cquivalont chango of
sactorioal chargo vas grontly incrcnsod, and the ulslicto positive
chargzo attainod grontly doorcasods .t added color cquivel;nt

. te
200 units ol niturcl color doudlos quatornary roquiraiciats in tho iap
wator, and ineroasos thon by sovon fold in the 0i5t1&10u Wators
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In natural wators, tho offcets of tho intorforing conpononts aro
noro or loss ndditive, as shown in Figuro XII, Tho Loxington Brook,
6 solbt wobor of modcrato color, oomos olosost to distilleds Chorles
Rivor, with cbout tho sno oolor contont, but a rmech highor hardnoss,
and & ooasidorable dogroc of pollution has o far groctor quatcrnary
roquircnont, ns doos calsc tho Hobbs Brook Reoscrvoir watcr (Cambridgo
rav woter) which 1s soft but highly colorod, It is intercsting to
oomparo this with the final Canbridgo tep water, whioh is inoroasod
in hardnoss, but substantlally frcod of colors Tho troaticnt lowors
quatornary requiroronts to got to zoro bactorial chargo fron 50 ng/l
to 22 np/l,

Tha position of Boston Hctronelitan tap water is soncehat
anoanlous; it ig an unfiltorod wonlor low in hardncss and color, tut
its quatcrnmary roquirononts arc greator than would bo oxpr*cuod. Troical
analysos of thogc watcrs arc given in T*blo IIT, Figuro XIII shcws
a coaparison botwwocn this water and o synthotio watoer indo up to

eontain all tho idoatificd mincial eorsui tucnts ftho tap vmbore ho
synthotio wvator has rmch mmeoh lowor quatcrnary roquircments than tho
vatural tap watur, and, ir fact, olesoly approachcs distillod vmtor,
It is ovidont thct stall quantitios of unic‘.on‘aii‘iu& components, such
ag oryanio vattor, silion or polywelont positivo ions wmst cocount
for tho difforonco, This is v cxnnpls of the oxtrono sonsitiv-ncas

to sunll quaatitios of cortain oorpoiontse

Conolusions fron Eloctrophorotic Studios,

Tho rosults of tho cloctrophorctio studies arc in lino writh thoso
obtainod in tho studics of tho influcnee of vamtor ccimosition on
rerwval cf orgnnisns by flotation, Tacy inlionto That scvoral ooizonenus
found in natural wators, = sonc iuox:"‘fio\., sono et = interforo grectly
with tho sorption ol quetornory amtoniun coopeunds by baoteria, IT
tho quatoriary is not sorbod by tho .rcuoriun, proswanbly it can
noithor kill tho orgenism nor aild in its atcocamont to tho fil of an
adyr tubble for noshanienl ranoval in tho froth, |

Thoso exporincnts oo nov ciuoidate the niechnnien of th
it my odther bo o o tion of the surfoec of thc bante
lose quatornary is ndsorvod for o plvon cemecutrati-cg Lun h
or it ray bo a nodifioention or adseorption of the quaternory its
tho intorforing agont, o that lcss of tho ~ddod quatsrnary is awvnl
for tho ‘:xxot»r*un. Eithor oohariss vill exnladn the observrtion 4. .
tho oharzo on tio orgaadsn onn atill Lo ehanzed by incronsing the anounts
of quatcraary, In fuy oasc, the preooss s dndiented as beoing vory
conaitive to matural wator oorposition,
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XIV. Gonoral éonoluaion.

Tho original proposcl onvisionod tho purification of wator bty ro-
noving color, turdidity, and mioro-organisus in tho f£iln of bubbles
formod by ac1ing quatornary amroniun conpounds to tho wator and oorating,
taking off tao froth of Wbblos as formod. This proocduro appsarod
to offor soveral adwantagos, among thon tho olinination of ounborsomo
filtors, tho spooding up of tho purif.oation prododuro, and a roduction
in tho actual bulk o” chonicals uscl in purification. In viow of thoso
Posaiblo advantagos, it was givon considoration ae a possible £iold
purificatiion mothod for tho arnod forcos.

Tho rosults of this study hovo shown that this mothod is indcod
oapable of a high dogroc of ronoval of vdero-orgnnisns ranging fron
anoobic oysts, throuzn bastoria tc viruscs and also a high dcgrec of
ronoval of such aosthoticully objootionablo foaturos as color and
turbidity, This ronowal is oconditional om tho addition of sufficiont
quatcracry amaoniun oonpound, and aeoration at a slow cniugh rate, for
a long oncugh %ine, to cnguro renovel, while at the sono tino looping
loss of vator in tho foan at a minirun,

Tho major diffioculty with thc process is iaplicd in vhe presoding
sontonocos Low tonporaturos, and a nunbor of coiponants nresant in natural
wators, - of whioh tho .rdnoss ions, somc polyvalcnt ions, such as Al++
color, snd turbidity have bocn idontifiod, = o1l inorocse the siount
of quatcinary roquirod to soouro adequatc ronoval, This i3orcasc furthor
ontails o slowing of aoration rotos and o longtheni .3 of coration timo,
to soouro rcnoval of the quatcrnery (avoidanes of t.st0) and avoidanoco
of oxcegsi. o wntor loss in tho foan,

Tho altorativoy in practienl usc weuld scon to bo oither () to kvo
a falrly oonpleto analysis of tho rowrw..ucr Lo bs treated in order to
cstimato “ho racuired doso of quatcrnmary, or (b) to scs tho guokornary
doso and aoration tino and roto ot lovols adoguato to copo vth ary
variation in water compesiticn lilcly %o ho cncountorods 7Tais lattor
onc would soon to bo thc only possibic preocoduro in the fiold,

In viuw o tho marked offcots, for ox: pla, of ovon vory smll
quantitics of A1, it woull sa.x that sotting arbitrary fiuros Ligh
oncugh  for all micrs that ocuid Yo caoocunicrad in thar fiold vould
bo both uncoonenio and provsrisus, It is thwreforc o:noluded hiat
unloss furthoer rcsoarch indicatos vioys o overoondn she intorferanec,
tho proooss is not adaptcl to ficld use, 7o dato, a0 .ioats havo been
fownd on ovorooning tho intorforonsce This ccnelusicn Jocs rot Fro=
oludo ocnsidoration of tho preooss vhorc wmtor ocriposition is lwiown
and Sadrly stadlos for this applioaticn it hos soiw intorogsing
petontinlitios, a
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